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Engineering vibration tests were conducted for the Get Away
Special (GAS) adapter beam and two canisters for evaluating
the mounting bolts. Although 5-cubic-foot (0.142 m 3 ) containers
were used,they were ballasted to simulate the critical configu-
rations of the 2.5-cubic-foot (0.071 m 3) containers. Test bolts
were modified to represent the critical cross-section of the
flight bolts. Strain gages were also installed inside the bolts.
Test items were subjected to Z-axis transient acceleration time
histories measured during the STS-1 launch.
Gravity compensation systems were used for relieving the effect
of gravity along the Y-axis. Also, for simulating STS acceleration
at liftoff, the test items were loaded in the X direction with
bungee cords. Tests were performed for several gap conditions
under the bolt heads. For each gap configuration, tests were
carried out with different torque values covering the entire
torque specifications of 100 to 825 in-lb (11.3 to 93.2 m-c])
for these bolts. The test results showed that the forward bolt
experienced maximum strain for all test conditions.
Stresses (calculated from measured strains) in the critical
area of the bolt exceeded the static yield stress of the material
during some tests. However, no yielding was observed during
microscopic examination of the bolts. A comparison of the test
results for no gap and varying degrees of gap under the bolt
heads does not show direct relationship between gap size and strain
levels in the bolts. Acceleration levels are higher with gaps,
but they do not translate to higher strains since they occur
at higher frequencies. The results also show that with higher
torque, strains due to dynamic loading are somewhat lower.
But total strain increases with higher torque since prestrain
constitutes the major part of the total strain.
2. INTRODUCTION
During the prototype vibration tests of the GAS adapter beam,
significant impactin g] of the beam at its support points was
observed. l The impacting resulted from a 0.025-in (0.635 mm)
gap under the bolt heads. This gap is provided for control
of proper load transfer to the orbiter structure. The bolts
could be suojected to unacceptable shock loads because of the
impacts. The adapter beam was installed on the orbiter to carry
the EVA (Extra Vehicular Activity) tool kit, weighing approximately
400 pounds (181.4 kg) for the STS-2 mission. To ensure that
the loads imposed on these boats during the STS-2 mission were
acceptable, vibration tests were conducted at the Goddard Space
Flight Center (GSFC) with instrumented bolts. These tests showed
no evidence of yielding in these bolts because of the imposed
vibration environment. 	 However, an extrapolation of these
results for the GAS configuration with a weight of 1000 pounds
(453.6 kg) showed stresses to be well beyond the yield strength
1
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oft hey
 bolt material- 3 This raised concern about the adequacy
of the mounting bolts for carrying the load imposed due to the
1000-pound (453.6 kq) OAS canisters. Therefore, the present study
was undortaken and vibration tests wore conducted with two 500-
pound (2260 kq) GAS 0anint ear a mounted on the adapter beam, usinq
strain-gaged bolts. The objectives of the tests wore tot
• Evaluate the load capability ot Lho adapter beam mounting
bolts to withstand the STS launch vibration environment,
• Dommino how Lilt-,
 gap under the volt heads attocts loads
imposed on the mounting bolts.
• Hstablish how the torque values used to the mounting
bolts affect the loads imposed on them.
3. Tl-,113T CONFIGURATIONS
Vibration tests wore conducted for the GAS ada3tor beam assembly
(portside beam) with two 5-cubk-toot (0.142 m ) containers.
Tho canister s wore ballasted to 500 pounds (226.8 kg) oachr
simulating the critical configurations 
of 
the 2.5 cubic-toot
(0.071 m3) containers. The test setup and hardware used weredescribed in an earlier report.1 A typical configuration of
tho GAS oontainors/adaptor boom assembly an the orbiter structure
is shown in Figure 1. Tests wore basically conducted for bay
2 configuration; howevor t
 some tests were also conducted for
they
	3 configuration.
Since they
 prime objoovivo ot those tests was to evaluate they
mounting bolts, it would have been ideal to use they
	bolts
in those WK. Howovorr, flight bolts were not available and
it f= light bolts wore used, substantial modifications with test
fixture would have boon nocossary. Therotoro t the?
	 bolts
were modified simulating the critical area of the flight bolts.
The test and flight bolts are shown in Figure 2. The test bolts
were hoot-troatod t
 and strain gages were installed inside them.
'Thee flight bolts aro made from invonol steel having longitudinal
yield and ultimate strengths of 150,000 (1034 MPa) and 180000
(1240.9 Atha) psi,* respectively. The mounting of the forward
and sill bolts on the vibration fixture is shown in Figures
3 and 4. The alt bolt mounting was similar to that of the'
bolt.
Other objootivos ot these tests were to evaluate the Meet
of tovquo values used on thew
	
bolts and gap sizes under
bolt heads on stresses in thee
	 For this purpose, tests
were conducted with torque varying from 100 to 425 in-lb (11.3
to 48 m-N) for the aft and Wward bolts and 200 to $25 in-lb
Corporation Drawing No. V03-34012,
Material Specification MB0170-076.
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(22.6 to 93.2 m-N) for the sill bolt, The gap under the bolt
heads was also varied from no gap to a maximum gap of 0.025
inch (0.635 mm).
The erect of gravity acting along the Y-axis was compensated
by bungee cords with lg load of 1166 pounds (5186 N). In addition,
the effect of STS acceleration in the X direction was simulated
by pulling on the canisters with a 1,535-pound (6828 N) load
representing an acceleration of 1.5g. This load was applied
at a location above the center of gravity (cog.) of the beam/canister
system. The 1535 -pound (6828 N) load is based on moment con-
siderations. The gravity compensation systems used in these
tests are shown in Figure 5.
Torque in the bracket/adapter beam and bracket/canister interface
bolts were 200 and 400 in-1b (22.6 and 45.2 m-N), respectively,
in these tests.
4. INSTRUMENTATION
As mentioned earlier, strain gages were installed inside the
three mounting bolts. Accelerometers were also mounted on the
canisters and the bolt heads (shown in Figures 6 and 7, respec-
tively).
5. VIBRATION TESTS
5.1 TEST SPECIFICATIONS
Earlier tests on the adapter beam with simulated load for the
EVA tool kit showed that the Z-axis test produced maximum bolt
loads. 2
 Theretore, in the present study, only Z-axis excitation
was applied. The test items were subjected to transient acceleration
time histories measured during STS-1 launch. The Z-axis acceleration
time history, taken from the STS-1 DATE data, is shown in Figure
8. 4
 In the present tests, a 12.8-second time frame (from the
Z-axis accelerometer V34A9430A) including main engine ignition,
SRB ignition, and liftoff was used.
5.2 BAY 2 TESTS
As mentioned earlier, the mounting bolts were modified to represent
the critical area of the flight bolts, and heat treated. These
strain-gaged bolts were calibrated to obtain their load/strain
characteristics. A typical vibration test procedure consisted
of:
• Mounting the GAS adapter beam assembly on the shaker
and applying preload on bungee cord system;
Applying suitable torque on the bolts and measuring prestrain
in the bolts due to torquing;
1;
.
7
ORIGINAL PAIF IS
OF POOR QUALITY
I	 I
1
4
R*
Fioure S. C;ravit , Compensation Systems
i
8
+z, FWD
o X-AXIS
0 Y-AXIS
10 Z-AXIS
J, CONTA INER
0
FWD
l
+Yn
♦ Xa
ORIGINAL PAGE 13
OF POOR QUALITY
7 Z-AXIS
6
CONTAINER	 0- CONTAINERr
9(
OV ^	
}lCO	
l`!N
N Q
Sm
10
CC N`O'D+" QUAUI V
N
0
W
N
0
N
N
U
4J
w
f
0
S-1
(U
df
U
U
tH
0
m
0
,H
41
ro
U
0
a
r
N
ti)	 {
.H
PLI
01,11GIWAL 14"'C". 10
O^ po()R QUALITY
V.
Z-AXIS ACCELERATION
V34A9430A
Gt
-'3,
0.	 Mir. (sect)	 20,
P'IMWO S. :l,-kAxis Aocl oloratioll Time History (STS-1. data)
A
11
_ —	 ,r	 N
•	 :11+1+IN' 1110 X -clxttl It t':111TbIt'llt	 W1\'t't,`t111?i	 (111HI1t.T<l`ned vAt'11c+t 1
wti 1 evot kit no !`1t it 1111 11111	 1t`It 1t 11 1 11 tItkrttlo t tit? tt>!tt .
V It , Ilit 1, 11 tt1NtIt W01t+ 0011tim , tclti 11!1 ill,) thc` tt all ttic+Ilt W,i\'t1torm
1 . 1 1 11% I ,` l	 % I'W l' i t • I	 I hr laillhl•t a^"it 1 . 111. `	 111 t ! 1t'h (t+lit ,	 i `tHl' lt`!:
t i t	 t t Alllltellt	 W Avt • t,`1 1111+ f	?it Al - t t1w .it ollt+-t+ttallt It tit
	
t it
	 1	 lr\'r 1,
Appl 1c`ti t o ( lit + !itl.*Kol
 itt1,110 t do A-axI h STS-1 dl' l't+ltft,+ttlt•ttir
1111.1.	 IIiII Lilly,
	 tt• 11,t	 Will i t
	lllil + lt`111011tc l d wIt1% ?1h 1111!1	 (Ill\ ga1)1
1111,it+l
	 t hr (+,+1It
	
IIV.%,iti.	 I'll l	 ,`\' %tiro .i	 I I nv.11	 sy'Ht Hitt 1'".411011SO
t'h1l 1t'tc • I 141 1t`,	 I'llo rat'lt 1t I 	 W 1ti %)k doll% % ly' t1witc t lset1 t o tht•
,if ! ?i 11 t` , i i % I S It	 lc' \'c` i , t't`111I + t wn 'tt I I1,j I he tivIvt^ •i I,jII'A 1 11 0 %-. - h I t'\'t` I
I I N. t hr 111, E -1t	 I rt't`III I  Il v%sItI t+,i sN . sI 11111 I 1 .111!it c'I
	 tuli.'t loll.
	
FkII
I t • ^tt >. W t t It q % p,	 t tic	 -Amt`	 ,it I\'t+	 A	 II -%I:i	 1!i kit'( %IIlt`t) W It h	 11,)
Wt` t t`	 ll:it • ,i .
: • l11,'f ! It ht' W,i\'f ! tt`l111tt	 Al c' 1111 Itv11111, t cti' it
	
hot 11	 1t I','t` 111,1 Ilog.it the
.1111
	 weer trtilr,1.	 F,`t
	 - i t + 1111	 t r.Nt ?i, 	 thr 11et)1t1\'t` 1 1 1+1 al 1t N'
11111t ` t't'1 + t At , It' :ih.%kol	 Thot-vt k i t c • ,	 tIr	 It
WVIc` it > i t t IOtr,i 1,t I`t`?iIt I\'t+ I NO .1 VIts'.
1't`:tt ri	 Willi , .'011tit11'I r,i	 t t 1 t	 !it- vt+t 11 l)1I`	 ,i I lilt) lla it t tI -I (110	 q II+,	 t 11 1 1
1 1 .1 1 11 1 111	 (1 ► .: + ,4	 111111)	 o Ili ,	 %Iiti 1 )	 00 1 -1it (t l .I ,	 ►11111)	 ,)1I,1.
I',^l
	
r At'h ] Ai l 00I%t	 %%Jtl1 .11	 1, I ll ,	 It c l St ti wc ! Cti	 1'11 1 1	 t • ,i It	 t 0	 t•t`V0V
l	 hc+	 c'Itt	 t	 t	 f • I kit k1tic f 	 ?41 1 0t' i t	 Ic.At t\ 1 11!t too	 t1wri t l I4 + l t • i,	 11 1 11	 1 1 1 	 H1^
1n	 111	 t t	 I. t	 It 	 t► l .:	 nl	 NI.
It 	 I%AY , IT STS
I'llt` t`:1y	 t	 ,', • Ill %,)tit At 11 1 11	 I?i Tt tilt% 1 .-%t	 t,`	 ,	 oxco1/t	 I h.-It	 t tit`
:	 t	 l	 1	 t`, • 	 I	 I I,`.'at	 I, • I%	 I"	 ti I t t V  t ? Ilt	 .	 I'd .t: wt>I v	 , 1 11 lv	 Lc%ll,Ill.•tOki
(	 , • t	 It, , 	.) A l l .1110	 t it 1 1"1)1(`	 0010 1 t	 11 1 111 I t i t	 t h I!i	 C%MI 11)%It 1t Ion.
It	 ?111, 1 111,1 tit s 	n, l t	 r,i	 t	 halt	 t,`t	 '`.iy'	 I, t	 ht`	 ?il 1 1	 t`ol t	 w,1:i	 not	 !it 1'1111-
tJ1t)9+ti	 , 1 I %It,hi	 t	 t	 It • ,I	 It
	 , 1	 ,	 ,`Ittk i t	 Ill	 I	 ,	 t	 tit` ,'I	 1	 t it'd I	 ,i	 tllic'11!; I, I ll	 of	 I	 ht!
t	 1	 I,ahl
	 ,` I t	 I'll I 	 w,`n 
I 	
twit
	
.1t t f`t't t hr r-\'1 l uat	 lull	 0t	 t lltl	 Ill A\ I tit UIll
1 :1,1••	 it (	 he	 io	 t 1 , 1 I t	 111.•1+	 , 1 11	 . 1	 1	 1 t	 t • .it	 ?i, t lit'	 t 01 WA1 it	 1 1 tH t	 t,
I l i'
	
trnt'1`,1 Ilic	 h1,)Itr:.t	 ?;I	 I	 1111.
t1 .	 hFSt I I I • :• ANl 1 A N A I YIS
t l tt 1 11,)	 ?il l s` , -
 l t I% , .%( 1 , 1 11?i	 .111,1	 I 1 1-, 1 1 ` t l ,lll I c`?;	 111 x\' I Otis L v	 111t`Il t l onvil , 	 t t  st Y
WWI t'	 t', 1 tl,itlt • t r,i	 t ,`l	 .1	 ImIlit` 11`1 	 ,`t	 ,i I t t i l t cllt	 It C` ::t
	
1 `, 1 t1,1 l t ioll::
1 1 :1 1 .i	 t I , 1 111	 t I I f	 ( i'tit It Wf'I t`	 ;1111 IN' Crtt #	 AlIli	 I \lilt'	 t  I tit t1t- y+ 	 1 , 1, 1 t y
t, 1 1	 ,t` I0,'1 t • ,t	 "II 111 lit- I!i t 1 t	 • •i t .1111	 .ills)	 At't't` It'1 :It It 1 11 \IA1 1	 wt`I c`	 1t'
,111 1 t c 1 ti.	 I'lle::c!	 It Illlt • 	h t •• t , 1 t \	 1 1 I, 1 t :• W01 t+ ,\t i t A I tic t ti	 I Ot	 1	 stwo11,i	 j
1 1 c'I %thl,
	
f'll,', 1 1111 1 v121¢IIt,)	 I tic	 111.1\ 111111tH
	
1 f `•1 1 i t 1 11tir.	 i
I'll t`	 .I t .'1111 ,)1,)t'ti t`,`I l
	
Wtt1 c'	 1I 11 1 1 :It c`,i t4`tk i t r	 t hr t c`!at .	 '1'ttose
t i t ,	 i	 t t:t>1
	
c!	 ,i 1
	 ,';1 I
	 I t`1	 .it t`,1	 it	 t	 et	 l	 tit`	 \' i t i t	 A 1,`11	 I r!i1	 !;. A	 t`t111t11 I %-
s, 1 1) , 1 t	 t	 hc`	 1 • I	 f `	 .111.1	 I 1 , 1 at	 \' l t i t
	
:t(
	 Ion	 ,'d 1	 It 1 I	 ,iI	 l,`li I estl I It s t	 kit	 I	 tit•
t: t ! ,', 1 n,^ t , 1 1 W It ,i	 11,1 I 1	 1:;	 .•t ht l wn	 1 it	 F 1,)111
	
f'	 ` 1 I t	 ?ihotl 1,i t i t!	 110t t`ti
11111 tt.,	 t.`tw-AI,t
	 I l k , 1t	 N'c`Iv	 11••(`,1	 ,Ill!	 tit,)	 t ht+ V11 1 tkit Ion tt"it!;.
I'ht' t	 1	 t	 +1	 S ,	 t 1v'.11	 ,1	 t`, 1 I	 t	 W.1 • :	 t	 f ! I , I,i,'c',t	 t 1 v	 t	 hr !i t`t'i ► IIti
	 \1 11t l %t t e 
?tt i vot .i l	 1	 c!at	 :	 I'll	 l •.	 w,1 • •	 ,it`ilt •	 t 1 c • ,	 ALISc`	 t	 t	 .11 11:1 (NI 1 t A A 110 , 1 11	 t	 he.
111:1t;liVF11_ PAGE I!3
OF POOH QUALITY
^qu
T
01110111MAL PACM- IS
OF POOR QUALITY
4C-)00 —16
3500 —14
3000 12
2600 —10
2000
3.64 LWAC
00.'19  N /11 C)
3.41) LtAlpt
1000 r `4
500 t,PREVIBRATION TEST
POSTVIBRATION TEST
0, 00 	 400	 600	 000	 1000 1200
STRAIN, ttINAN (Acni/m)
vimim" 9. colliparisoll of,
 Pro- wid Po 'stvilwat i on Cal'Ahl"atiolls,
13
#a
first bolt due to torquing, were not very stable. This could
be attributed to inconsistency in the lubrication of the bolts.
However, it was felt that replacing it with a new bolt would
improve the quality of the data. As seen from this figure,
the load-strain characteristics are linear for the bolt. Also,
the variation in the pre- and postvibration calibration results
is not very significant--only around 4 percent. This indicates
that strain-gage results obtained during the vibration tests
should be accurate.
The test results showed that the forward bolt had the highest
strain levels for all test conditions. Therefore, results are
presented only for the forward bolt. However, Figures 10 and
11 display comparisons of strain levels in the three bolts for
two tests runs that produced the highest levels of strain due
to loading in the forward bolt.
A comparison of test results for positive and negative pulses
showed the response to be higher for the negative pulse (Figure
12). A comparison of several accelerometer responses from no-gap
to full-gap conditions, is shown in Figures 13 through 15.
It can be observed from these figures that the accelerometer
responses for no-gap conditions are of low-frequency content.
This is due to low-frequency input. With gap, the frequency
content is high. This is due to metal-to-metal impacting of
the adapter beam at its support points.
Figures 16 through 19 show the effect of gap size. They indicate
no direct relationship between gap size and strain levels in
the bolt. The acceleration levels are higher with gap, but
they do not translate to higher strain levels because these
accelerations occur at higher frequencies. However, these higher
accelerations can have an important effect on GAS payloads.
The effects of torquing (prestrain) on bolt strains are depicted
in Figures 20 through 23. These data show that when using higher
prestrain, strain levels due to loading are somewhat lower.
But, total strain is higher with higher prestrain. This is
because the prestrain constitutes a major part of the total
strain at higher torque levels.
Stresses at the critical area of the bolt were calculated by
proportioning stresses at the gage location, in accordance with
their areas. Rockwell hardness tests on the 4340 heat-treated
bolt indicated ultimate and yield stresses of the bolt to
be 180,000 psi (1241 MPa) and 167,000 psi (1151 MPa), respectively.
For some test conditions, the stresses (calculated from measured
strains) at the critical area exceeded the yield stress of the
material. Visual examination of the bolts after testing did
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not reveal any deformation. Microscopic examination* was conducted
on both the forward bolt which experienced the highest load
and the aft bolt where the loading was well below yield. The
examination did not indicate any yielding in either bolt. But,
nuts for both these bolts had extensive flow on their bearing
surfaces. This could be attributed to torquing or impacting
because it has occurred for both nuts,, Although the forward
bolt experienced loading beyond its static yield strength, it
did not really yield. This is probably due to the dynamic yield
st y ength heinghigher than its static yield strength, and its
not-ch strength being higher than the tensile strength.()
It should be noted that in the present investigation, the stiffness
effect 
of 
the supporting structure on bolt strength has not
been addressed. If tile stiffness of the supporting structure
is lower than that of the fixture used in the vibration tests,
the loads imposed on the bolts could be higher.3
7. CONCLUSIONS
The following conclusions wore made based on the test results:
0 In all tests, the forward bolt experienced the highest
strain levels. For some test conditions; stresses (calculated
from measured strains) in the critical areas exceeded
the static yield strength of the material, but microscopic
examination showed no yielding in the bolt.
No direct relationships have been found between gal) size
and strain levels in the bolt. Acceleration levels are
higher with gap condition, but they do not translate
to higher strains since they occur at higher frequencies.
However, these higher accelerations could have an important
effect on GAS payloads.
e With higher torque (prestrain), strains due to dynamic
loading are somewhat lower. But t total strain increases
with higher prostrain as with higher torque, the prestrain
constitutes a major part of the total strain.
Bartheliny, Code 313.1, Goddard Space Flight
Con to r.
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